Two sets of omics data about tuberculosis were analyzed in this study through different statistical methods such as significance test and cluster analysis. 14 hits were found as most probable genes associated with tuberculosis which can be crossvalidated by different studies. This implicates that the statistical methodologies can be helpful to narrow down the shortlist for tuberculosis disease relevant genes.
INTRODUCTION
Tuberculosis, a devastating infectious disease caused by Mycobacterium tuberculosis, poses a profound burden on global public health [1] . Tuberculosis is the outcome of the interaction between host and pathogen. However, only a handful of host genes has been confirmed to participate in the interaction [2] . Comprehensive defining the host factors involved in the interaction will inspire better control of tuberculosis.
The transcriptomes data represent invaluable resources to mine hits for future experimental corroboration. In this study, 14 hits potentially important for tuberculosis were retrieved. Among which 5 hits have been previously reported to be implicated in tuberculosis. The high hit ratio suggests that further investigation on the roles of other hits in tuberculosis is worthwhile.
DATA SOURCE
In this paper, two sets of web gene data were analyzed and compared. The first web data set was downloaded from analysis of the lung tissue samples of five Tuberculosis patients and one health control （ ftp://ftp.ncbi.nlm.nih.gov/geo/datasets/GDS4nnn/GDS4256/ ） . Altogether, there were 61359 genes investigated. The second web data set was gotten from analysis of the 39 THP1 cells infected with Tuberculosis and one health control （ ftp://ftp.ncbi.nlm.nih.gov/geo/datasets/GDS4nnn/GDS4258/ ） . Altogether, there were 54675 genes in this data set. These two sets of data have all been standardized.
DATA ANALYSIS
In order to select genes with the expression value significantly different between healthy control and the Tuberculosis patients, statistical significance test methods were adopted. Because of the particularity of gene expression data, it was hard to identify whether the data obey normal distribution or not. Therefore, we used Significance Analysis of Microarrays (SAM) algorithm to test the statistical significance of our data. The False Positive Rate (FPR) of multiple hypothesis tests may influence the accuracy of the test (0.05 is taken as the threshold of FPR in general). On this basis, we utilized the Benjamini-Hochberg procedure (B-H) to control the FPR and searched out the differentially expressed genes.
The result of significant test suggested that, there were 9723 genes (15.84%) in data set one and 19676 genes (35.99%) in data set two which past the significant test and were named as data sets S1 and S2, respectively. The total number of the genes in data sets S1 and S2 were about 1:2.
In order to reduce the range of significant genes and choose some classical Tuberculosis susceptibility genes for further experiment test, K-means clustering was applied.
SELECTION OF CLASSICAL SUSCEPTIBILITY GENES
On the base of clustering, 6 methods were used for picking out the classical Tuberculosis susceptibility genes though clustering.
Method one was based on the results after data sets S1 and S2 were all clustered as 50 clusters. In each cluster of data set S1, the top 20 genes with the nearest distance to the cluster center were selected. Therefore, the number of genes picked out from S1 was around 1000. At the same time, the top 40 genes close to the cluster center in data sets S2 were also selected since the number of the genes in S2 was two times of that in S1. And then, these selected genes were put together to pick out those repeated ones. Name the recurrent genes in this method data set C1.
Methods two to six were almost the same with method one except for the first step where method i (i=2, 3,…, 6) was based on the results after data set S1 and S2 were all clustered as j (j=100,200,…,500) clusters. Similarly, those top genes close to the cluster center were selected in each method. The selected genes were still kept around 1000 from data set S1 and around 2000 from S2 which made the proportion of the selected top genes from S2 accounted for of the total number of S2 consistent with that of in data set S1. And then, in each method, the selected top genes from S1 and S2 were put together to pick out the recurrent ones which were named data set C2 to data set C6 corresponding to method two to six. There were more than 300 genes selected from each method ( Table 1 ). The clustering results used and the number of top genes selected for each method were also shown in Table 1 .
Finally, data sets C1 to C6 were compared together and 14 genes were found appeared in all the sets. They were BCAT1, CASP8, CBLB, CXCL10, DERL1, DOCK8, HLA-B, HLA-C, HLA-F, HSPA1B, ID01, N4BP1, NADK and NUSAP1. Therefore, they were considered eventually as the classical Tuberculosis susceptibility genes in this paper. They located in different cellular component and played a role in corresponding biological process.
BIOLOGICAL ANALYSIS OF THE SUSCEPTIBILITY GENES
All the genes selected as the classical Tuberculosis susceptibility hits were validated by cross-referring to published results. They were involved in different cellular function and had been reported in certain cells and mycobacterial infection. Among the hits, five genes（CASP8、CXCL10、HLA-B、IDO1、NADK） were reported to be related with tuberculosis, which corroborated our results.
BCAT1 is a branch amino acid transfer enzyme, which degrades branch amino acid. It also refers phosphorylation of eukaryotic initiation factor，eIF-4E binding protein-1 (4E-BP1) but doesn't effect mTOR（mammalian target of rapamycin） raptor complex [4] . Stable extracellular RNA fragments of Mycobacterium tuberculosis induce early apoptosis in human monocytes via a CASP8 dependent mechanism [5] . The 19-kDa Mycobacterium tuberculosis protein induces macrophage apoptosis through Tolllike receptor-2 [6] .
Family member CBLB predominantly promotes the ubiquitination of target proteins and modulates corresponding signaling pathways. Molecular cross-talk amongst TGF-beta-CTLA-4-Cbl-b eventually leads to M. leprae persistence, a close cousin of M.tuberculosis [7] .
Human B cells produce chemokine CXCL10 in the presence of Mycobacterium tuberculosis specific T cells [8] . Mycobacterium tuberculosis Sonicate-Induced IFNgamma, CXCL10 and IL10 can Differentiate Severity in Tuberculosis [9] . DERL1 protein is the key molecule in the reverse transport and degradation of the endoplasmic reticulum associated error folding proteins [10] .
DOCK8 is essential for T-cell survival and the maintenance of CD8+ T-cell memory [11] . DOCK8 plays an important role in humoral immune response. It is required for the formation of correct immunological synapse of B cells [12] .
HLA class I supertypes influence susceptibility and severity of tuberculosis. Immunodominant tuberculosis CD8 antigens restricted by HLA-B [13] .
HSPA1B expression amount differs greatly between Lassa and Marburg which both cause hemorrhagic fever with similar symptom from the analysis of peripheral blood mononuclear cells [14] .
Tuberculosis infection can induce the expression of several enzymes related to the degradation of amino acid of Mycobacterium such as IDO1 [15] .
N4BP1 is a newly identified nucleolar protein that undergoes SUMO-regulated polyubiquitylation [16] .
NAD and its phosphorylated forms NADP play an important function in a variety of cellular processes [17] .
NUSAP1 plays a role in the regulation of mitotic spindle assembly, chromosome segregation and cytokinesis. NUSAP1 influences the DNA damage response by controlling BRCA1 protein levels [18] .
CONCLUSIONS
In this paper, two sets of gene data related with tuberculosis were analyzed by significant test and K-means clustering. Finally, 14 genes were found as the classical tuberculosis candidate susceptibility genes. This result was validated by literatures and biological analysis which verified the feasibility of our method. What's more, the result in this paper not only provides theoretical base for exhaustive study of Tuberculosis but also can greatly reduce the cost of candidate gene selection.
